Objective: Adverse events during hospitalization are a major worry considering their frequency and their burden. Many could be avoided by immediate identification of at-risk patients at admission and adapted prevention. The complexity of a patient's medication regimen immediately available at admission is a good indicator of the complexity of the patient's condition. This study aims to determine whether the electronic Medication Regimen Complexity Index (MRCI) at admission is associated with complications during hospitalization. Design: We performed a multilevel logistic regression model, adjusted for age and sex. Setting: Premier Perspective™ database, a clinical and financial information system from 417 US hospitals. Participants: Adults hospitalized for more than 3 days in a medical ward and included in Premier's Perspective™ database for 2006. Intervention(s): Multilevel logistic regression. Main Outcome Measure: Association of the MRCI and complications during hospitalization, defined as in-hospital death, hospital-acquired infection, pressure ulcers; and need for highly technical healthcare, identified as the secondary introduction of catecholamines. Results: In total, 1 592 383 admissions were included. The median MRCI at admission was 13 [interquartile range: 9-19]. The higher the MRCI, the higher the adjusted odds ratio of the following: in-hospital mortality, hospital-acquired infections, pressure ulcers and the secondary introduction of catecholamines. Conclusions: Our results suggested that the MRCI at admission was correlated with patient complexity, independent of age. Considering that patients with complex conditions pose a heavier workload for staff, measuring MRCI at admission could be used to allocate resources in medical wards at an institutional level. The MRCI might be a useful tool to assess the management of care.
Introduction
Healthcare establishments can be considered as high-risk environments. Indeed, adverse events during hospitalization occur relatively frequently [1, 2] with a rate of 6.2 per 1000 days of hospitalization [3] . Their prevention is sought through a combination of quality improvement, an emphasis on safety in all aspects of healthcare, and the identification of at-risk patients as soon as they are admitted. Currently, risk assessment is based on specific scores that are time consuming for physicians and nurses; moreover, this information is not readily available on the hospital staffs' interface of electronic health records (EHR). Therefore, even though the efficacy of such electronic alert systems has been demonstrated [4, 5] , this type of assessment tool tends to be infrequently used in routine practice.
The standardization of complex medication regimens is essential for their clinical evaluation, for research and for risk-stratification. Several methods for assessing the complexity of medication regimens exist, without there being a consensus. The Medication Regimen Complexity Index (MRCI) [6] is the most frequently used of the five existing validated and reliable scales to assess regimen complexity [7] . The MRCI is readily available in-hospital EHR, although some adaptation may be necessary depending on the medication database [8] . The MRCI can be used to evaluate the complexity of prescriptions without the need for medical records. We hypothesized that the MRCI could be used as a risk marker for the ensuing hospital stay.
Computerized physician order entry (CPOE) systems have proven their efficiency and are widely used [9] . The success of EHR depends on the quality of the information available to healthcare professionals [10] . Our hypothesis posits that the information required for the identification of patients at-risk of complications is available in the initial prescription data recorded at the time of hospital admission and without the need for supplementary input. Thanks to electronic data and medical records, automating the calculation of the MRCI at admission, at discharge or in real time is possible and could help physicians to identify high-risk patients. This could help to allocate resources within a given medical ward or between different medical wards. The MRCI combined with other comprehensive electronic data could increase efficiency in identifying potential healthcare complications.
Objective
The aim of this study was to determine whether the MRCI can be used to assess the risk of complications during hospitalization. First, we adapted the MRCI for use with an electronic database. We then evaluated its prognostic value for several outcomes including inhospital mortality, hospital-acquired infection, hospital-acquired pressure ulcer and the prescription of catecholamines, reflecting the use of highly technical healthcare. We also compared it with the Charlson Comorbidity Index (CCI), a measure of comorbidities and thus case complexity.
Methods

Data source
This study was performed using the Premier Perspective™ database. This American database is a clinical and financial information system from 417 US hospitals drawn by lot, described by Dentan et al. [11] . Population characteristics (age and gender), clinical data using the International Classification of Diseases 9th edition-Clinical Modification (ICD-9th-CM) [12] , length of stay, mortality, severity and drug prescriptions (dosage, average total dose, route of administration of each drug) were the variables used. We limited our study to the 2006 calendar year, with over 33 million patients in the database.
Participants
Included patients were adults and adolescents (≥15 years) hospitalized for more than 3 days in a medical ward. We chose this minimum length of stay in order to ensure enough time for the detection of complications during the stay.
Patients admitted for surgery, those with catecholamines prescribed at admission and those with no drug prescription at admission were not included. For surgical patients the medical prescription and its complexity vary considerably according to the characteristics of the preoperative, operative and postoperative phase. This information was not available in our database, although patients with a history of surgery could be included if they were admitted to medical wards. If there was no drug prescription at admission, we could not calculate the MRCI.
Complications during hospitalization and use of highly technical healthcare
We considered three complications as outcomes: hospital-acquired infection, death, and pressure ulcers. To identify hospital-acquired infections, we sought three ICD-9th-CM codes: 996.6 (infection and inflammatory reaction due to internal prosthetic device, implant or graft), 998.5 (postoperative infection not elsewhere classified) and 999.3 (other infection due to medical care not elsewhere classified). Patients developing a pressure ulcer during their hospital stay were detected with ICD code 707.0 (pressure ulcer).
Patients requiring intravenous catecholamines at anytime during their stay except for the first day of hospitalization were considered as having developed a serious condition requiring intensive care.
Severity of clinical condition
To assess whether there was any association between the complexity of medication regimen at admission and the complexity of the clinical condition (CCI), we evaluated the severity of the case in terms of comorbidities using the CCI [13] . CCI was calculated for each patient retrospectively, as this index was not available at admission.
MRCI contents
The MRCI has three sections giving information on the dosage form (Section A), dosing frequencies (Section B) and additional instructions (Section C). The total MRCI is the sum of the subscores for the three sections. The MRCI on the first day of hospitalization was calculated for each eligible patient. The Premier Perspective™ database did not contain any information that would allow us to complete Section C, so we arbitrarily attributed a subscore of zero. Thus in our study the total MRCI was the sum of Sections A and B. According to previous studies [8, 14, 15] , Sections A and B were strongly correlated and had the most impact on the complexity of a treatment regimen.
Data analysis
The statistical analysis was performed using STATA software (version 13.0 Stat. Corp., College Station, TX, USA). Qualitative variables are expressed as frequency and percentage, continuous variables are expressed using the median and interquartile range IQR (25-75th percentile) or mean and standard deviation (SD). The total MRCI was divided into seven ranges: <5, 5-9, 10-14, 15-19, 20-24, 25-29 and ≥30. Using a multilevel logistic regression model, adjusted for age (by group) and sex, to take into account the correlation between admissions into the same hospital, we determined the odds ratio (OR) and 95% confidence interval (95% CI) associated with in-hospital death, hospital-acquired infection, hospital-acquired pressure ulcer and catecholamine prescription after the first day.
Results
In the year 2006, 1 592 383 admissions were recorded in the Premier Perspective database that met our inclusion criteria. Population characteristics, complications during hospitalization, use of highly technical healthcare, comorbidities, mean subscores for Sections A and B, and the total MRCI are shown in Table 1 . The median MRCI increased with age (P < 0.01), from 9 [IQR: [6] [7] [8] [9] [10] [11] [12] [13] [14] for the youngest patients (15-17 years) to 14 [IQR: [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] for the oldest patients (≥75 years). Complications during hospitalization, catecholamine prescriptions and CCI also increased with age (data not shown).
MRCI, complications during hospitalization and use of highly technical healthcare
The rate of in-hospital mortality increased by almost threefold between MRCI < 5 (1.39%) and ≥30 (6.06%) at admission (Fig. 2) . Likewise, nosocomial infections, pressure ulcer rates and the need for catecholamines during the hospitalization all increased along with the MRCI at admission.
The multivariate analysis ( 
MRCI and comorbidities
The median CCI increased with MRCI: patients with MRCI < 5 had a median CCI of 1 [IQR: 0-2] whereas those with MRCI ≥ 30 had a median CCI of 3 [IQR: [2] [3] [4] . The rise of MRCI score was significant for higher CCI (Fig. 3) .
Discussion
We have demonstrated a clear relation between the MRCI at admission and the occurrence of complications during the hospital stay (in-hospital death, nosocomial infections and pressure ulcers), a vital urgency assessed by the need of catecholamines after the first day, and the CCI of patients in medical wards.
Study limitations
Premier Perspective™ is a very large database, giving a representative sample of patients admitted to 417 US hospitals. The quality of our data is dependent on the exhaustiveness of ICD-9th-CM coding and the quality of drug prescriptions. A potential bias could be the over-declaration of the degree of severity of patients' conditions due to the economic advantages of this practice. Another limitation could be the relative age of the data (only year 2006 was readily available to us). However, considering the large number of admissions included, we consider that our data remains relevant and the observed results and relationships would persist in more recent data. The MRCI showed high variability between the hospitals, possibly reflecting differences in their catchment populations, suggesting its potential interest at an institutional level rather than regionally or nationally.
We calculated the MRCI for patients admitted to all types of medical wards. While the large sample size gave our study statistical power, such that any differences became significant, not all significant differences are clinically relevant and the size of the difference must be taken into account.
Due to the administrative and financial character of the database, we were unable to inform Section C of the MRCI. Though this section includes instructions that may not apply to all drugs. We observed a lower mean MRCI score than in the literature [8, 14] . Differences could be explained by the fact that previous studies were conducted in an older population than ours, included OTC medications and took place in a home rather than a hospital setting. Section C is probably less relevant to a hospital setting. Consequently, we considered the truncated MRCI as sufficient.
Strengths
The MRCI increased with age which is a risk factor the outcomes we used and thus a potential confounding factor. For this reason, we adjusted our analyses on age; showing that the MRCI at admission remained an independent predictor of the outcomes we studied. We did not adjust on comorbidities because our aim was to validate a reliable and readily available indicator that reflects comorbidities in the patient population and the outcomes during hospitalization.
According to prevalence surveys, healthcare-associated infections and pressure ulcers are major burdens in hospitals [16] [17] [18] , associated with payment penalties [19] or increased mortality during hospitalization. Thus the identification of high-risk patients and the implementation of preventative measures may have an economic interest. The CCI is a widely used indicator of the risk of 1-year mortality [13] . Many authors have evaluated this index for predicting mortality [20] , cost [21] , readmission [22] , disability or length of hospital stay [23] . They suggested that patients with higher CCI are more complex and would pose a heavier workload for medical units. The CCI uses ICD codes allowing its incorporation into electronic databases [24] . CCI and MRCI are closely linked according to our results; either score could be used to measure its contribution to complications during hospitalization. However, as diagnosis codes are only available after the hospitalization, the major inconvenient of CCI is that it is only available at the end of the hospital stay; whereas the MRCI is available in real time, as soon as the first drug is prescribed. The MRCI could be used as a tool for a clinical decision support system integrated into the CPOE to improve quality and security in hospitals [25] . We think that MRCI is a good predictive measure.
The MRCI application
Since its initial development, the use of the MRCI has focused on medication adherence, conciliation [26, 27] and as a predictive factor of rehospitalization [28] [29] [30] [31] [32] [33] [34] [35] . So far, the MRCI is used at the patient level, in everyday clinical practice. Beyond these applications, as suggested by George et al. [6] , the MRCI is both directly and indirectly associated with the patient's prognosis as seen in the mortality rate and the CCI in our study.
Considering these results, we suggest that the MRCI at admission can provide an estimation of medical complexity. It could be used at the public health level as charge indicator for a functional unit to follow in real time and compare structures in order to adjust resource allocation. Patients with higher MRCI scores need more care resulting in a greater workload for the healthcare personnel. An increased workload has been associated with an increased risk of hospital death [36] . Automated calculation of the MRCI at admission could help healthcare managers to redistribute and optimize staff workloads, which would help to improve patient safety, and allow adapted measures to prevent iatrogenic complications to be taken. The main advantage of the MRCI is its availability without supplementary data input other than the initial drug prescription. This medical act concerns almost every patient at admission. Further studies should examine the reliability of the MRCI at admission to predict the risk of other complications such as under-nutrition, pain, workload or iatrogenic events.
The currently available tools to measure healthcare activity present several inconveniencies: Medicalized Information System Programs and the CCI are only available after patient discharge, not in real time. Others are highly specific, such as the Northwick Park Care Needs Assessment validated for the evaluation of the workload in caring for patients with neurological disability. The 'Soins Infirmiers Individualisés à la Personne Soignée' [Individualized Nursing Care Requirements] is a French indicator that estimates the time spent for three types of care [37] . It can be calculated daily, is reliable but requires time and quality controls. The need for integration into EHR is a barrier to its routine use [38] . Our results could be optimized by a longitudinal follow-up of the evolution of the MRCI during the hospitalization.
Conclusion
We have demonstrated that the MRCI was correlated with the occurrence of complications during the hospital stay. This is potentially useful because the MRCI is readily available at admission and can be calculated in real time without the need to enter information. It can be used to assess care needs and to adapt resource allocation in wards. We plan to implement this complexity score into our CPOE to study MRCI potency on a larger scale, in particular throughout a large hospital.
